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Abstract 
Laser welded components are widely used in automotive industry enabling high quality joints with minimized heat 
energy input. This paper contributes to the feasible fatigue levels of disc laser welded joints made of 20MnCr5 
and GJS620 using different process parameters. The fatigue behaviour of similar joints made of 20MnCr5 was also 
studied for two different contact conditions. The influence of the heterogeneous start and stop pilot region of the laser 
beam to fatigue life is also discussed. 
Accompanying fracture analysis detected the spot of technical crack initiation at the most stressed root surface. A 
high process quality for the laser welded joints was confirmed by examining both metallographic sections and the 
surface topography. Structural weld simulation work was performed to elucidate the local differences between the 
continuous seam and the overlapping laser weld pilot regions. Investigations showed that the notch stress approach 
with an effective radius of 0.05 mm lead to S/N-curves which generally matched the standard recommendations 
regarding fatigue. 
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1. Introduction 
Laser welding provides a joining technology with increasing acceptance in many industrial fields. The 
high cost efficiency of laser welded components makes it very attractive for tasks with high automation 
level. A very small heat affected zone, low welding distortion as well as very short manufacturing station 
times attract this joining technology also for the automotive sector. The laser weld process can be used to 
produce joints of similar or even dissimilar material combinations, e.g. case-hardening steel and cast iron, 
with minimized distortion and high manufacturing quality [1]. 
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This study summarizes results of fatigue tests on disc laser welded specimens made of case-hardening 
steel 20MnCr5 and nodular cast-iron GJS620 with and without filler material. 
2. Experimental work 
Both flat and axisymmetric tubular specimens were investigated using a common joining thickness. 
The experimental work started with dynamic tests of flat specimens. Two adjacent plates were laser 
welded together along the border line. To achieve a minimized gap between the machined plate surfaces a 
special clamping unit was used for part adjustment. The width to thickness ratio of the final rectangular 
cross section is about seven to one. Fatigue testing of the plate samples exhibited crack initiation mainly 
along the weld toe and not at the plate edges due to pre-compressive stresses at the edges. 
Fig. 1. (a) Laser welding of flat specimen array with clamping unit (b) Laser welding of tubular specimen without filler metal 
The axisymmetric tubular specimen was designed to ensure that the most damaged region occurs at – 
or near – the laser weld seam. A thin-walled circular ring is used as cross section to minimize the 
demands regarding test force. Nevertheless, the tubular specimen must cover the pilot areas of the laser 
beam – start and stop region where the laser power ramps up and down – as well as a sufficient steady-
state laser path. One goal of the fatigue tests is to determine the influence of the pilot vs. the steady-state 
region. Laser welding of one tubular specimen takes only 1.67 s covering a total angle of 480 °. This 
overlapping of 120 ° defines the pilot region, whereby 30 ° are used to ramp the laser continually up, one 
whole rotation for steady-state welding and 90 ° ramping the laser power down to zero. The speed of the 
specimen is constant thorough the whole laser weld process. The accompanying structural weld 
simulation in section three was set-up in accordance with this manufacturing procedure. 
Table 1. Disc laser settings 
Disc laser settings to join sheet 
metals with a thickness of 1.5 mm 
Velocity (v) 
[m/min]
Heat input (E) 
[J/cm]
Laser power (PL) 
[W] 
Investigated parameter field 3 - 6 200 - 533 1,000 - 4,500 
Optimized 20MnCr5 vs. 20MnCr5 4.5 350 2,625 
Optimized 20MnCr5 vs.GJS620 4.5 300 2,250 
The optimized parameter setting in Table 1 was determined based on the occurrence of a full 
penetrated molten zone with smooth weld toe regions at the investigated metallographic sections. Pure 
Argon was used as process gas for all laser welded specimens.´The tubular specimens were pre-tensioned 
by a screw. Laser welding was done in pre-tensioned condition to minimize distortion effects. 
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2.1. Dynamic testing 
All specimens were tested at a tumescent stress level of R = 0.1. The main test series covered samples 
made of case-hardening steel 20MnCr5 and nodular cast-iron GJS620 laser welded without filler metal. 
Only in the single case of the partial penetrated tubular specimen series the nickel-base solid wire 
electrode ERNiCr-3 was used. This series was compared to the complete penetrated welds without filler 
metal. The full penetrated weld exhibits the most stressed region at the weld toe of the root surface at the 
weld toe region. The numerical evaluation was done along the sketched evaluation node paths in Fig. 2 
using second order quadrilateral elements and a reference radius of 0.05 mm [2, 3]. Fracture mechanical 
approaches can be used instead to assess the partial penetrated weld seam more accurate [4]. 
Fig. 2. a) Change in stress flow for complete penetrated laser weld at weld toe region b) Evaluation result for partial penetration 
The assessment of the two dissimilar laser welded tubular specimen displays an – at a first glance – 
unexpected behavior in Fig. 3. The partial penetrated laser weld with Nickel-base filler material exhibits a 
significant higher lifetime than the complete penetrated laser weld without filler material. This is caused 
by the difference in microstructure and the lack of supporting contact of the joint without filler metal. 
Fig. 3. Stress chart of full penetrated laser weld without filler metal vs. partial penetrated laser weld seam with nickel-base filler 
The IIW-recommendation propose a stress range of 560 MPa at two million cycles as FAT when using 
a reference radius of rref= 0.05 mm. 
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The complete penetrated laser weld seam without filler metal does not reach this threshold. On the 
other hand, the laser seam process with filler metal exceeded the FAT value as design limit by a factor of 
three. The presented fatigue results affirmed the feasibility of laser joining dissimilar materials even 
without filler metal. As another part of the tentative test series the fatigue life of similar steel joints made 
of 20MnCr5 has been investigated using tubular specimens with and without interior axial contact.
Fig. 4. a) Structural stress approach for steel joints with / without contact b) Notch stress results evaluated with 0.05 mm radius 
The fatigue test results in Fig. 4 brought out that the steel specimen series with contact showed 
significant higher endurable stress range than without contact. Both S/N-curves intersect at about ten 
thousand load cycles which is close to the low cycle fatigue region. A significant difference in slope is 
visible in the diagrams. 
2.2. Fracture and metallographic analysis 
The introduced fatigue results covered a wide range of manufacturing parameters setting up the border 
of the ‘design-of-experiments’ matrix. Fatigue cracking initiated always at the root surface, which is in 
accordance with the structural and local stress analysis assessing the most-stressed region. 
Several macro hardness measurements were progressed to ensure process quality of the laser welded 
joints. The case-hardening steel 20MnCr5 exhibits a base material hardness of about 225 HV1 and goes up 
to about 475HV1 in final quenched and tempered state. Hardness values of about 525 HV1 were measured 
in the molten zone. A local hardness drop down to about 300 HV1 occurred in the 20MnCr5 heat-affected-
zone of the laser-welded joints. 
Fig. 5. a) Macro-hardness plot of partial penetrated laser weld with filler metal b) Hardness mapping including SEM-images 
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The nodular cast iron grade GJS620 exhibited a macro-hardness of about 200 HV1 in the base material. 
Due to the rapid laser welding heat treatment and the high amount of carbon hard phases like 
ledeburite, martensite or bainitic stages were produced in the cast-iron dilution area [5-7] leading to peak 
hardness values of 800 HV1. The molten zone in this case consists of austenite and isolated distributed 
long martensitic needles. This lead to a comparable huge scatter band and displayed a median value of 
about 450 HV1 in the molten zone. The macro hardness distribution of the partial penetration laser weld 
using the Nickel base filler metal is shown in Fig. 5. 
The transition region to the heat-affected-zones is illustrated by two SEM-images. A fine-grained 
bainitic microstructure can be determined as boundary texture of the 20 MnCr5 steel part close to the 
fusion line. A diffusion layer was found at the Ni-Cr matrix representing the filler metal. The transition 
region of GJS620 displayed carbon-depleted diffusion areas around the nodular graphite islands leading 
to fine-grained ledeburite at the adjacent boundary layers. A distinct cast-iron fusion line was not 
observed due to the increased chemical solution for carbon in the nickel enriched filler metal. Comparing 
the fracture surfaces of the laser welded joints made of 20MnCr5 and GJS620 with and without filler 
material, a distinctive difference in amount and size of the spherical graphite was found.
3. Weld simulation 
An accompanying structural weld simulation was performed to compare the overlapping laser welded 
pilot region to the steady-state region regarding residual stress state and contact pressure distribution. 
Fig. 6. a) Contour plots of residual axial stress and residual contact pressure b.) Normalized contact force polar chart [8] 
The axial stress plot in Fig. 6 displays a heterogeneous transient behavior ranging from compression 
regions in front of the molten zone and a subsequent tensioning cycle at solidification. The pilot region is 
subjected to a second heat-treatment due to the overlapping laser weld path. An annealing effect is 
recognizable in the final power ramping-down pilot region. The contact pressure changes also due the 
thermal cycle. After cool-down und unclamping a steady-state contact pressure is observed, whereas the 
overlapping region exhibits an increased pressure value. 
4. Conclusion 
The fatigue behavior of laser welded joints made of case-hardening steel 20MnCr5 and nodular cast-
iron GJS620 was investigated. The activities focused on the survey and subsequent benchmarking of laser 
weld process parameters for this dissimilar material combination regarding fatigue of tubular specimens. 
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Test fatigue results on laser welded material combination 20MnCr5 and GJS620 illustrated the 
technical feasibility to join these dissimilar materials even without filler metal. Current first investigations 
showed that this joining technology provoked an increased microstructural notch effect which decreases
the endurable stress range. For comparison purposes a test series using a nickel-base filler metal with 
partial penetrating laser seam was evaluated. The results showed a significant difference in nodular 
graphite layout and improved fatigue life. 
Care has to be taken on local clamping conditions influencing micro displacements during 
solidification process. Current observations on steel / steel tubular joints made of 20MnCr5 showed that 
the endurable fatigue life decreases if the pre-stressed specimen is laser welded without additional axial 
supporting contact faces.  
The applicability of the effective stress approach using a reference radius of rref = 0.05 mm was 
confirmed by joining similar specimens made of 20MnCr5 with axial contact. The results showed an 
endurable stress range of FAT 976 which significantly exceeds the recommended value of FAT 560. The 
dissimilar joint made of 20MnCr5 and GJS620 without filler material lead to a reduced stress range of 
FAT 276. Future work will be carried out regarding dissimilar joints without filler material to optimize the 
laser weld manufacturing process further. 
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